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(54) THREE-DIMENSIONAL PACKAGE AND MANUFACTURE THEREOF 

"(57)Abstract! 

PROBLEM TO BE SOLVED: To obtain a three- 
dimensional package, which has a high reliability of 
connections and allows the light-weight and low cost to 
be realized. 

SOLUTION: This manufacturing method comprises the 
steps of feeding a solder paste 24 to surface layer pads 
on either plane of a package 12 on which electronic 
components are mounted or a plane having no electronic 
component, mounting metal balls 1 6 on the surface layer 
pads of the package or a solder paste fed on the surface 
layer pads, and stacking the packages into a multistage, 
and heat treating to mutually connect the package, 
provided that the feed volume V of the solder paste on 
the surface layer pads satisfies V>(Vt/a) X 100, and is 
the volume percentage of the solder component in the 
solder paste and Vt is hollow volume of hollow via. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] In a manufacture method of a three dimensions package which carried out the 
laminating of the package through which carried electronic parts and a surface pad has 
flowed through hollow beer A production process which supplies soldering paste to a surface 
pad on a field of either a field in which electronic parts of a package were carried, or a field 
which is not carried, A manufacture method of a three -dimensions package including a 
production process which installs a metal ball on soldering paste supplied on a surface pad of 
the above-mentioned package, or a surface pad, a production process which repeats a package 
-prepared^y~doin^-in-^fehis-way—and— a- produetion-process^whieh-heat^trea^fes-and-eonneets 
packages. 

[Claim 2] a manufacture method of a three -dimensions package according to claim 1 - setting 
- delivery capacity V of soldering paste to said surface pad top, a % of floor area ratios of a 
solder component of soldering paste, and hollow capacity Vt of hollow beer A manufacture 
method of a three-dimensions package characterized by filling V>= x(Vt/a) 100 in between. 
[Claim 3] In a manufacture method of a three -dimensions package which carried out the 
laminating of the package through which carried electronic parts and a surface pad has 
flowed through hollow beer A production process which supplies soldering paste to a surface 
pad on both sides of a package, A production process which installs a metal ball in either a 
field in which electronic parts of a package were carried, or a field which is not carried, Thus, 
a manufacture method of a three -dimensions package including a production process which 
repeats a package with which soldering paste was supplied and a metal ball was installed, 
and a production process which heat-treats and connects packages. 

[Claim 4] A manufacture method of a three-dimensions package characterized by sum total 
delivery capacity V of soldering paste to a surface pad top of a pair of said package both sides, 
and filling V 1 >= x(Vt/a) 100 between a % of floor area ratios of a solder component of soldering 
paste, and hollow capacity Vt of hollow beer in a manufacture method of a three-dimensions 
package according to claim 3. 

[Claim 5] the melting point of at least three metal balls which are not on a straight line 
among installed metal balls in a manufacture method of a three-dimensions package of claim 
1 thru/or either of 4 - Tb it is - the melting point Tp of soldering paste A manufacture method 
of a three-dimensions package of having relation of Tp <T<Tb between heat treatment 
temperature T. 

[Claim 6] A three-dimensions package characterized by the melting point of at least three 
metal balls which carry electronic parts, and each package by which the laminating was 
carried out is connected by metal ball in a three-dimensions package with which the 
laminating of two or more packages was carried out, and are not on a straight line being 
higher than the melting point of other metal balls. 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the 
three -dimensions package which makes the package carrying electronic parts layered product 
structure in two or more [-fold ], and its manufacture method. 
[0002] 
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[Description of the Prior Art! Even if it is in the former, the three -dimensions package which 
makes the package carrying electronic parts layered product structure in two or more [ fold ] 
is well-known, and many proposals are already made also about the manufacture method. 
[0003] For example, one mode of the manufacture method in a three -dimensions package is 
indicated by JP, 4-280695, A. According to the detailed description of this official report, solder 
is supplied to the location of through hole wiring of a package. At this time, it turns out that 
solder is supplied only on wiring of a through hole from drawing 12 of this official report. 
Although the details of the solder supply method are unknown, there is a publication which 
forms solder by plating as the one mode. Next, Cu ball is arranged on this solder and the 
package with which solder supply and copper ball arrangement were carried out similarly is 
piled up. Finally, the package layered product was heated, solder was fused, and substrates 
are connected. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the problem of connection reliability had 
arisen by such manufacture method. That is, since solder did not enter all over a through hole, 
but solder escaped on the package surface and it was made by the big cavity all over a through 
hole even if only the wiring top of a through hole arranges and carries out a reflow of the ball 
on it, since solder is supplied, connection reliability was missing inside the through hole. 
Existence of the cavity in a through hole can be checked also from drawing 14 of 
~JPpir280GS5^K 9 and lb. Moreover, it~is clear that the connection reliability inside a through" 
hole is missing also from the through hole in the topmost part package of this drawing not 
being buried with solder, either. 

[0005] It was in charge of on the other hand three-dimensions-izing a package, in addition 
various problems were also produced. That is, a three-dimensions package requires cost, in 
order to take complicated structure. It is more advantageous to cost reduction to reduce a 
production process if possible in the manufacture method. Moreover, cost reduction can do the 
direction which can perform the same production process by as simple the method as possible 
also at the same production process. 

[0006] Furthermore, in order that a three-dimensions package may repeat a many layers 
package, the problem of deformation by self-weight also comes out. Since a lot of metal balls 
are used and the rate of the weight of the metal ball occupied to the whole becomes large, a 
metal ball needs to especially be lightweightized. 

[0007] Here, the purpose of this invention is offering the manufacture method which can 
reduce a manufacturing process and cost, in it, there is no deformation by the self-weight of 
the package itself, and further is it to offer the lightweight*ized package while it secures the 
connection reliability inside the through hole of a three-dimensions package here. 
[0008] 

[Means for Solving the Problem] That an above-mentioned technical problem should be 
attained, in order that this invention may take a flow of a package table rear face, when 
hollow beer is prepared and three-dimensions connection structure of such a package is 
constituted, it performs restoration by solder of hollow beer to coincidence, and offers a 
manufacture method for aiming at improvement in the reliability of a connection. 
[0009] Moreover, it is made for connection structure of a three -dimensions package not to 
collapse at the time of heat treatment by using a high-melting ball in three points which are 
not on a straight line at least, and using a solder ball of the low melting point except it, while 
avoiding a complicated production process in a manufacturing process and enabling it to 
manufacture a three dimensions package by simple method from another field. Especially 
weight concerning a package which forms the lowest layer with a three-dimensions package is 
quite large compared with a monolayer package, and as the number of laminatings of a 
problem [ such ] of a package increases, a practical effect of this invention which becomes 
serious, therefore can solve it is larger. 
[0010] This invention is as follows here. 

(l) In a manufacture method of a three-dimensions package which carried out the laminating 
of the package through which carried electronic parts and a surface pad has flowed through 
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hollow beer A production process which supplies soldering paste to a surface pad on a field of 
either a field in which electronic parts of a package were carried, or a field which is not 
carried, A manufacture method of a three -dimensions package including a production process 
which installs a metal ball on soldering paste supplied on a surface pad of the 
above-mentioned package, or a surface pad, a production process which repeats a package 
prepared by doing in this way, and a production process which heat-treats and connects 
packages. 

[0011] (2) the above (l) a manufacture method of a three-dimensions package a publication -■ 
setting - the delivery capacity V of soldering paste to said surface pad top, a % of floor area 
ratios of a solder component of soldering paste, and hollow capacity Vt of hollow beer A 
manufacture method of a three-dimensions package characterized by filling V>= x(Vt/a) 100 
in between. 

[0012] (3) In a manufacture method of a three-dimensions package which carried out the 
laminating of the package through which carried electronic parts and a surface pad has 
flowed through hollow beer A production process which supplies soldering paste to a surface 
pad on both sides of a package, A production process which installs a metal ball in either a 
field in which electronic parts of a package were carried, or a field which is not carried, Thus, 
a manufacture method of a three -dimensions package including a production process which 
repeats a package with which soldering paste was supplied and a metal ball was installed, 
and a production process wfficlfheat- treats and connects packages. 

[0013] (4) Above (3) A manufacture method of a three-dimensions package characterized by 
sum total delivery capacity V of soldering paste to a surface pad top of a pair of said package 
both sides, and filling V 1 >= x(Vt/a) 100 between a % of floor area ratios of a solder component 
of soldering paste, and the hollow capacity Vt of hollow beer in a manufacture method of a 
three-dimensions package a publication. 

[0014] (5) the above (l) Or (4) the melting point of at least three metal balls which are not on a 
straight line among installed metal balls in a manufacture method of one of three-dimensions 
packages - Tb it is - the melting point Tp of soldering paste A manufacture method of a 
three -dimensions package of having relation of Tp <T<Tb between the heat treatment 
temperature T. 

[0015] (6) A three-dimensions package characterized by the melting point of at least three 
metal balls which carry electronic parts, and each package by which the laminating was 
carried out is connected by metal ball in a three-dimensions package with which the 
laminating of two or more packages was carried out, and are not on a straight line being 
higher than the melting point of other metal balls. 
[0016] 

[Embodiment of the Invention] Next, the three-dimensions package by this invention is 
explained, drawing 1 (a) (b) the three-dimensions package concerning this invention - 
respectively - typical explanatory drawing - and it is expansion explanatory drawing a part. 
drawing 1 (a) Each package 12 (the example of illustration four steps) by which the 
laminating was carried out on the printed circuit board 10 so that it might be shown **** - 
electronic parts respectively like a semiconductor chip 14 carry -- having -- **** the metal 
ball 16 mutual alienation - it is installed and the three-dimensions package is constituted. 
The connection structure of each package is drawing 1 (b). The metal ball 16 is connected to 
the electrode pad 18 prepared in the upper surface of a package 12 through the solder layer 20 
so that it may be shown. Hollow beer 22 is formed in the package 12, and the solder layer 20 
fills up with the illustration gestalt. 

[0017] The production method of a three -dimensions package of having such structure is 
drawing 2 (a). Or (d) It is explained by partial ** type explanatory drawing of each shown 
production process. In addition, drawing 2 is shown that the same part as drawing 1 and a 
member are also for the same sign. 

[0018] The first production process* Drawing 2 (a) Soldering paste 24 is supplied so that it 
may be shown, the surface pad 18, i.e., the electrode pad, of each package 12 which constitutes 
a three-dimensions package. At this time, supply of soldering paste 24 is a field where the 
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semiconductor chip of a package 12 is mounted, (chip component side) Field which is not 
mounted (chip non-component side) Any are sufficient, (in drawing 2 (a), soldering paste is 
supplied to a chip non-component side) . If it is in the example of modification, you may supply 
on the surface pad of both sides of a chip component side and a chip non-component side. 
However, when supplying soldering paste to a chip non -component side, it is not interfered by 
the semiconductor chip but soldering paste can be supplied by simple actuation. Since 
soldering paste can be supplied using the screen printing which used the metal mask, as for 
soldering paste, it is desirable to supply a chip non-component side. If soldering paste has the 
melting point fused by heat treatment performed after that, it will not ask the class. Usually, 
Pb-Sn system soldering paste is used. 

[0019] The second production process^ Subsequently it is drawing 2 (b). The metal ball 16 is 
arranged on the surface pad 18 of the field which mounted electronic parts so that it may be 
shown. Especially the class of metal ball is not asked. In order to make it the package itself 
not crushed by the heat treatment process performed behind with a self-weight, the metal ball 
which has the melting point higher than heat treatment temperature is desirable. For 
example, Cu ball is desirable. However, Cu is noble metals, and when using Pb-Sn system 
solder for soldering paste, Pb content is higher than it, since it is expensive, (it has the high 
melting point) It is enough if the metal ball of a Pb-Sn system is used. What is necessary is 
just to choose the metal ball 16 from the melting point of the material of soldering paste, and 
"the relation ofTieat treatment temperature suitably. Namely, what is necessary is just to 
choose the material of a metal ball so that it may have the relation of Tp<=T<Tb when the 
melting point of Tb and soldering paste is set to Tp and heat treatment temperature is set to 
T for the melting point of a metal ball. 

[0020] Moreover, the metal ball 16 may be arranged to the package down side. Furthermore, 
it is also possible to form the metal ball 16 in package both sides. 

[0021] The third production process- After doing in this way and preparing each package 12, it 
is drawing 2 (c). Alignment of those packages 12 is carried out, and a laminating is carried out 
one by one on a printed board 10 so that it may be shown. In the case of the example of 
illustration, soldering paste is not supplied to the surface pad 18 of the side which installed 
the metal ball 16, but since the soldering paste 24 of sufficient amount for the upper surface 
pad 18 is supplied, also in case it is a laminating, the positioning is easy and also 
demonstrates the effect of a temporary stop. 

[0022] Thus, although there is especially no limit about the number of the packages which 
carry out a laminating, since a metal ball supports the package by which the laminating was 
carried out on it, it is the number which presents weight until a metal ball can bear. 
[0023] The fourth production process- The package assembly which carried out the laminating 
must constitute the layered product unified with soldering, therefore performs reflow 
processing. If it heat-treats at the temperature with which relational expression as shown at 
the second production process is filled, only soldering paste 24 will dissolve. At this time, 
around the solder ball 16, solder 20 is attracted in hollow beer 22, and that interior is filled up 
with a kind of capillarity. 

[0024] When the amount of soldering paste has the following relation at this time, sufficient 
quantity of solder is supplied in hollow beer 22. Namely, the delivery capacity V of the 
soldering paste 24 to the surface pad 18 top, a % of floor area ratios of the solder component of 
soldering paste 24, and hollow capacity Vt of hollow beer 22 It is made to fill V>= x(Vt/a) 100 
in between. By doing in this way, the centrum of hollow beer 22 is buried completely and a 
three-dimensions package with high connection reliability is obtained. 

[0025] Drawing 3 (a) (b) Another mode of this invention is shown. Although it explained, and 
** is the thing of the same material and has so far performed all metal balls by the method, 
such limitation may not be carried out especially. Since it becomes important that a 
three-dimensions package is not crushed by the own self-weight of a package in fact, Drawing 
3 (a) (b) Make each package 12 estrange and hold it so that it may be shown. Metal ball 16 
(high-melting ball) which has the melting point higher than heat treatment temperature It 
prepares between [ at least three ] each package 12. Between the surface pad 18 of the other 
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one package 12, and the surface pad 18 of the package 12 which counters it, dissolve by heat 
treatment. That is, metal ball which has the melting point lower than heat treatment 
temperature (low melting point metal ball) It is enough, if it arranges and a three-dimensions 
package is produced. 

[0026] Such a high-melting ball is arranged so that it may not stand in a line on at least three 
pieces and the same straight line, general - this refractory metal ball - the four-corners 
section of a package " 1 -- ** ** ******** - things " being stabilized •■ alienation of each 
package - installation is realized, especially -- a refractory metal ball -- general -- material 
large [ specific gravity ] and expensive s (for example, Cu, Pb-Sn with high Pb content, etc.) it 
is -- since there are many cases, it is advantageous also from a viewpoint of lightweight-izing 
of the package itself, and low-cost-izing to use together with a low melting point metal ball. 
Furthermore, if lightweight-ization of the package itself can be attained, the laminating of the 
package of more numbers will also become possible. 

[0027] Drawing 4 (a) - (d) It is informality explanatory drawing of the manufacturing process 
of the package layered product of drawing 3 . If it is in this mode, it is drawing 4 (a). Soldering 
paste 24 is supplied by print processes on the surface pad 18 prepared in the surface of a 
package 12 so that it may be shown. Here, either the field in which electronic parts are 
carried or the field which is not carried and double-sided any are sufficient as supply of the 
soldering paste 24 to the surface pad 18 top , ho wever, drawing 4 (a) (b) **** " the surface p ad 
24 of one side - being shown - drawmg_4 (cj~(d) **** - the example which supplied soldering 
paste 24 is shown in the double-sided surface pad 18. 

[0028] The metal ball 16 is arranged on each surface pad 18 with which soldering paste 24 
was formed. Drawing 4 (b) Reference. At least three metal balls 16 which are not on a straight 
line among the metal ball consist of metals of the melting point higher than the melting point 
of the other metal balls 30. As for the metal ball 30, it is desirable that they are soldering 
paste and this presentation. Moreover, as for the metal ball 30 with the high melting point, it 
is desirable to arrange in the four corners of each package, respectively. 

[0029] Thus, drawing 4 after the metal balls 16 and 30 have been arranged (c) The laminating 
of the package 12 is carried out to multistage, positioning so that it may be shown, however, 
drawing 4 (c) **** only two steps of laminating portions are shown. Although the 
configuration as a layered product can be held since eye tacking has done each metal balls 16 
and 30 by soldering paste 24 at this time, a fixture may be used suitably as occasion demands. 
[0030] Next, drawing 4 (c) The shown laminating assembly 32 is a reflow furnace, (heat 
treating furnace 5 not shown) It is inserted in, and it is a temperature lower than the melting 
point of the metal ball 16, and is a temperature higher than the melting point of soldering 
paste and the metal ball 30, and heat treatment is carried out. The three-dimension package 
34 obtained by this is drawing 4 (d). Cementation structures other than high-melting metal 
ball 16 consist of bridges by the fused solder 20 so that it may be shown. In order not to fuse 
the metal ball 16, a predetermined gap is secured between each package 12. In addition, it can 
be adapted also about the package which does not have especially hollow beer as it is this case. 
Next, an example explains the operation effect for this invention still more concretely. 
[0031] 

[Example] In the example of a [example l] book, the three -dimensions package was 
manufactured according to the method shown in drawing 2 by following production process ** 
thru/or ** equivalent to the first above-mentioned production process thru/or the fourth 
above-mentioned production process. 

[0032] Production-process **• It is Pb-63mass%Sn soldering paste by the screen printing 
which used the metal mask for the surface pad of the field where the electronic parts of the 
package which has hollow beer and has a surface pad for external connection in right above 
[ beer ] do not exist, (melting point: 183 **) It supplied. 

[0033] production process **: the four surface pad top of a corner among the surface pads of 
the field which mounted electronic parts - Pb-10mass%Sn Qiquidus line: 268 **) from - the 
becoming metal ball - installing - other surface pad top Pb-63mass%Sn (melting point: 183 
degrees C) from -- the becoming metal ball was installed. 
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[0034] Production -process **• Alignment of the package was carried out and it put on four 
steps. 

Production -process **• A reflow was carried out by maximum-temperature 230 **, and only 
the metal ball which consists of soldering paste and Pb-63mass%Sn was fused. 
[0035] Thus, the distance during the package of each stage is fixed, solder is fully filled up 
also into hollow beer with the manufactured three-dimensions package, and stable 
cementation was realized. 

[0036] Each was the same as the example 1 except having used as Cu ball the metal ball 
installed on four surface pads of a corner by production process ** in an example 1 by the 
example of a [example 2] book. The almost same result as an example 1 was obtained. 
[0037] In the example of a [example 3] book, the three-dimensions package was manufactured 
according to the method shown in drawing 4 by following production process ** equivalent to 
the first above-mentioned production process thru/or the fourth above-mentioned production 
process - **. 

[0038] Production -process **' It is Pb-63mass%Sn soldering paste with a dispenser to the 
surface pad of package both sides which mounted electronic parts, (melting point: 183 **) It 
supplied. 

[0039] production process **• ■■ the four surface pad top of a corner among the surface pads 
which supplied the soldering paste of a field which mounted electronic parts - Pb-10mass%Sn 
(liquidus line: 268 **) from the becoming metal ball -- installing - other surface pad top - 
Pb-63mass%Sn (melting point: 183 **) from -- the becoming metal ball was installed. 
[0040] Production-process **: Alignment of the package was carried out and it put on four 
steps. 

Production-process ** : A reflow was carried out by maximum-temperature 230 **, and only 
the metal ball which consists of soldering paste and Pb-63mass%Sn was fused. 
[0041] Thus, with the manufactured three-dimensions package, strong cementation structure 
was acquired and the dimensional change was not seen. 

[0042] Each was the same as the example 3 except having used as Cu ball the metal ball 
installed on four surface pads of a corner by production process ** of an example 3 in the 
example of a [example 4] book. The same result as the case of an example 3 was obtained also 
by this example. 
[0043] 

[Effect of the Invention] As explained above, according to this invention, the following 
outstanding effects are mainly acquired and the practical meaning is large. 
[0044] ** Since hollow beer is buried by soldering paste in order to heat-treat using the 
package which has hollow beer, in case a three-dimensions package is manufactured, 
improvement in the reliability of a connection can be aimed at. 

[0045] ** at least three metal balls which are not on a straight line - metal of the melting 
point higher than the melting point of other metal balls (high-melting ball) from - if 
constituted, a three -dimensions package will not be crushed by the own self-weight of a 
package 

[0046] ** Into the portion except the high-melting ball having been arranged, specific gravity 
is small, and since a cheap material can be used, lightweight- izing of the package itself and 
low cost-ization can be attained. 
[Brief Description of the Drawings] 

[Drawing ll Drawing 1 (a) Typical explanatory drawing of the three dimensions package in 
the 1st mode of this invention, and drawing 1 (b) They are some of the expansion explanatory 
drawings. 

[Drawing 2] Drawing 2 (a) Or (d) It is typical explanatory drawing of the manufacturing 
process of the three-dimensions package of the 1st mode concerning this invention. 
[Drawing 31 Drawing 3 (a) Typical explanatory drawing of the three -dimensions package in 
the 2nd mode of this invention, and drawing 3 (b) They are some of the expansion explanatory 
drawings. 

[Drawing 4l Drawing 4 (a) Or (d) It is typical explanatory drawing of the manufacturing 
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KfcSM^y KlcBA/*!**-* h^«|&tilg> /< 



[0 0 13] (4) _L1B(3) IcISScOH&tg/**^-^ 

iVt £>«|fc:* 

V ^ (Vt/a) X100 

«r»fci-r. £ 4:4** itSH*S/< > 

fee 

[00 14] (5) ±15(1) frV>L(4) (DV^ttd^H* 
Tp < T < Tb 

[0016] 

-S^wO^TRWi-*. (211(a) . (b) J3\ 

— «it*KMH-c*>S, SI 1(a) (c^-TJ: 5 iw N ^y>- 
h^«iO±icaS$ixfc#^ix^-v ? l2 (H^«-ett4 

is) {a**ft?ti¥mw^yy'i4(D£?tem.*n&fcm 

* S HT*5 D . #-/W6K: <fc o TB * icKBflKB $ 
KJHfflli&tt. SI Kb) K*H-J;5i£. /^>Jr-v?l2<DJt 

[0 0 17] rwi 54«Mtt^Hft5c/^^-v^ 
^K*jfeliH 2 (a) ?iv>U(d) i:^t#X8^*P»W 

[0 0 18] Xg:[g)2 (a) tC^i"J:5lw N H^x: 

&vmm'<iy h'mznAjtd^-x h24*^-r5 0 

flA/^— ^ h24(0tt$&l^>>^-v ; 120^{*: 
2(a) -Ctt^y^lSSB^W:^^-^ h«rtt«e) . 
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td^-x h tt*- >y ^#3l3SBIw#*&-*-'a 
[0019] lng:ftv^ B9 2 (b) Ci^-fct 5 

U**U Cuteft&JRTifc !K B5flBfcfc«>, fi/u^-^ 
hl£Pb-Sn^JSA^£Jill>£#^tt. ^*x<fc «9 tPb^^T 

**s»;v> (Kv^sk^csr^r-r^) Pb-sn^<£>&m#— 

hcOia^^Tp, !R^«fflS*Tfc Tp^T<Tb 
[0 0 2 0] /W6H^y^r— v^TftH-iB 

[0 0 2 1] ^HXS:CC0«t 5t-U"C«-^y^— i^l2 
«rJfl*L-ca>fc, HI 2(c) {c*H- J: 5 *ix&<0'<y 

JI-T6o 0^0O<O*&-§\ &B#— yW6&KBLfc<B0a>« 

JiflB^SJl^y Kl8l^f4+»**<7)HA/^— * h24# 

[0022] ^<o£?\zmm^%'<y&-V<o$k\^^ 

[0 0 2 3] lEIg:Silfc^^-^4*lt, 

[0024] c(7Dt#, nAstd^-xbnmfcitknx? 
s*xs, Hi8±^©ra:^*r*< 

— * h24CD#j&£SV, HA/fc^-* h 240|i 
(Vt/a)X100 
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ffllfT22tt*ffiSB#££rai*!K 8MftflMM£0X^H 
&7G/<$/^-^#<b*x5 0 
[0 0 2 5] El 3 (a) , (b) ft, *5BWwB"J<^1B«4r* 

- S g fit- J: 19 H&tc^ y Lo^ $ 

fcv^fcaUM^ftSfc** .H3<a) > (b) tc^i"J:5 
10 ^#^y^-^l2«rBB**X«»-*-6. 

frAytr—i v\2<K>mv>t*< bis smm-f. *tisw-<o 

— o<0 a* y tr—i?\2<0&M'* V K18 1 ZtllZMfa-f Z>'< 

y tr—V\2<omM'* y K18 1 ^W^ttSSM&Sfc: ckoTfii 
^iJttuft^-e^ 

[0 0 2 6] C^J: 5*i*»*2j?-/Vf4*3te< t 3 
fi, Bj»_blcMtf*v>J: 5l-BEB£**« — jftttir 

oo-5Rtt * c 4: TSfcS IT^ s> tr- ^ofKKKBS: 

<, iSffi^WS- c u> Pb^Wfi:^^av^Pb-Sn/ t ^ 

So 

[0 0 2 7] Bl4(a) —(d) El 3 CO/< <y >Jr— v?S§ 
30 fls:<oasi3gXS<?5l»SSftMHX*fc<5o :*fcot 
tis 134(a) \^1r£ 5 l-> i^l2W*BfcR»t 
■fc«B^y Kl8±fcttAy«-<— ^ h24«r«*tfPnJgiJifelc: 
J;oTMt5c ::-e, M/^ K18JL— <onAjtd<< 

-X h240tt^m^ffip p p^«$nXV^6®^^^ 

SSttTV^v^^^tj^^— &<5VM±PB<ov^i" 
ttXtJ:v\ fcfcL. SI 4 (a) . (b) X*teftffi<nmm'< 
i/h^O^^r^L, H 4(c) ,.(d) tHSI©S*^y 
Kl8imA./c-<~^ h24Sr^L^JSr^-To 
[00 2 8] teA^Tc^-;* K24^Kft 5>ftfc*«|/<y 
40 Kl8±«dtt&Rst?-yW6dS|aB*ttS. m 4 (b) #f8 0 

v^JR^-^30«, #^y^r-^(OE8PH^-tix-fttEfi 

[0 0 2 9] CO J: 5lr^JSS^-/W6, 30dSSBfi*ixfc 
04(c) fltB*«>*:btt^6>#iHw 
^iy^-^123d5ffig$JxSc fctflH4(c) "CI4 2a(0 
50 *r^i-. #^Jg#-/H6, 30« 
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&m\<^xh£\<\ 

[0 0 3 0] ^t- x 0 4(c) SJfifa&ft^te:. 

xxf&mtf-MocDM&zQM^mmx, f&f&m&zti 

(d) \Z7jk-t£?\^ MM&<n&m#-/i'ie&ft<Dm<£M 

[0 0 3 1] 

[0 0 3 2] ltd) : *^tfT£%U tTTiEJil^gj5 20 
183 

[0033] it® : nfru&*mm vtim^mm^ y 

Y<nb^>, 40(03-t(OSI^!y K±lCPb-10mass% 
Sn (i&teifcg : 268 <0 **6ftSAJB*->H6:K«U 
©*Ji^y K_blrfiPb~63mass%Sn (1Kj£: 183*0 a><b 

ft^&J^-'i'&Keufco 

[0 0 3 4] Ii® : ^y-jr— v ? ^fiI^b^LT4t 30 

IS® : «iSMS230 t~C ii f±^-<-^ f> 

*3 J: t/Pb - 63mass%Sn^ ft 5 /KB* ^r^ffi U 

[0035] C tf> £ 5 I- LTOT LfcH&TG^ 5/ ^ 

-era:. &m<ns<vtr-*Jm(Dvmf*--j£x, f ^t-rtc 

[00 3 6] [StH« 2]*«-Ctt**« 1 fc*3ft6Xm 
©X% 4owa-tw«B^y KllcRBtS&JR*- 40 

[0037] inv&m 3 h 4 l 

/c^ot> mai<o»-xsftv^»Exa^*ssi-5T 

iaxS®-ffilcJ;oT3^7C^^^-^^8a^L^o 

[0 0 3 8] XS©:H^SH5p n p^^bfc/^>^-^ 
®c7)^g/N°-/ KIC S x-f -CPb-63mass%Snte 
A/ti£<<—X h (B4£ : 183 <0 
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[00 3 9] Xg® : «*ffiftfcll3£Lfcffia>riA,£'< 

K±l-Pb-10mass%Sn (f£*B$ : 268 <0 d>bft 
SAJRtf-zi'SrKBU ^(Dmm^y K_blCflPb-63ma 
ss%Sn <Mfo : 183 °C) b ft 5 AJR^-^SrHB L 

[0 0 4 0] IS® : ^y^-^fif^LT4a 

Ig® : AKffi£230 7P~U teAy/c^-* h 

^J:t5Pb-63nass%Sn^e>ft*AJR#— ^0*Sr8HlU 

[0 04 1] Z<0£? ^LT©fELfcH&7G^^— 

-en, SB^ffi^ft&h, -+8fe»bttJtfeixftd* 

[0 0 4 2] [Sat«4]*«t?tt, HJ6^J3<7)Xm© 
[0 0 4 3] 

[*«*>»*] KJ:»9!LT$*:J:5l^ #3691fc.fcft 
tf. *i:UT»oJ:5ftffixfej»*3fts»e>n. 

[0 0 4 4] (DHftTC^y^r- ^«r»3t+6BR. 
[0 0 4 5] <2>— Klft±iCftV^ft< £ t 3 

(hb^s^-a-) d*fe«*i-ntf. />*s/^-^e#^g 

fiU: ct V H&tg^ s^Jr— 5>jM¥ L-o^ S tt 5 c £ ft 
V V 

[0 0 4 6] ®W»j*^-^sEBSixfc«^KD»5M2: 
teitfi^/h£<. &ffitettn&i£.mx$ Z><DX\ *<yp 

[ig^«5*ftapj] 

[Ull] HI 1(a) tt..*»M«)JBlOlB#^*3ltSHft 

5c^y^— ^aD**»KMBI, (§1 Kb) fct. ^rco-a^ 

[13 2] SI 2 (a) ft^b(d) \f* s *5SWI-^SlO 

[0 3] [H 3 (a) tt, **W^»2(Ott«lCj3*t6=»C 
5c/<2/4r-^0*««RMH. 0 3(b) ^cD-gi5(D 

[04] 04(a) ftl^Ud) tt, *«WI-d^6fB2(D 

So 
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